Histiocytic sarcoma (HS) and histiocyte-associated lymphoma (HAL) of mice are difficult to distinguish histologically. Studies of multiple cases initially diagnosed as HS or HAL allowed us to define HS as round, fusiform, or mixed cell types that were F4/80þ, Mac-2þ, and PAX5-; that lacked markers for other sarcomas; and that had immune receptor genes in germline configuration. Two other subsets had clonal populations of lymphocytes. The first, HAL, featured malignant lymphocytes admixed with large populations of normal-appearing histiocytes. The second appeared to be composites of lymphoma and HS. Several cases suggestive of B myeloid-lineage plasticity were also observed.
A recent report revealed a previously unappreciated heterogeneity among malignancies initially diagnosed as HS in AKXD recombinant inbred (RI) strains of mice. 43 Through the combined use of histologic studies and molecular analyses for clonality of immunoglobulin heavy chain gene (IgH) and T cell receptor b chain gene (TCRb) organization and ecotropic murine leukemia virus (MuLV) insertions, it was possible to define 3 categories of histiocyte-rich neoplasms: first, HS lacking clonal rearrangements of Ig or T cell receptor (TCR) loci; second, histiocyte-associated lymphoma (HAL), B cell lineage, exhibiting clonal rearrangements of Ig but not TCR genes; and, third, HAL associated with clonal rearrangements of Ig and TCR loci, indicting the coexistence of B and T cell lymphomas containing large numbers of histiocytes. 43 In the present study, we have combined histologic, molecular, and immunohistochemical (IHC) analyses to study 55 histiocyte-rich neoplasms, 41 diagnosed as HS and 14 as HAL, derived primarily from NFS.V þ congenic mice 6, 24 with the goal of extending the range of features that differentiate HS from HAL.
Materials and Methods

Mice and Disease Classification
During an approximately 8-year period, 5,767 necropsies were performed in the Laboratory of Immunopathology, with more than half as part of studies of the mouse retrovirus-induced immunodeficiency syndrome, or MAIDS. 42 Among other cases were NFS.V þ mice congenic for induction loci of ecotropic MuLVs of AKR or C58 mice, 24 NZB/BlNJ mice (Jackson Laboratory, Bar Harbor, Maine), CFW mice, 52 and a small series of genetically engineered mice-iMyc knock-in mice 45, 56 as well as k-Myc and TCL1 transgenic (TG) mice 25, 26 ; 105 were diagnosed as HS and another 70 as HAL. The majority (n, 149) were NFS.V þ mice held for long-term observation for tumor development and necropsied at advanced stages, detected mainly by palpation of spleen and lymph nodes (LN). From the 175 mice diagnosed as HS or HAL, we selected 55 for further study that had material collected at necropsy for future molecular studies of DNA and RNA, with 41 diagnosed as HS and 14 as HAL.
The average age at diagnosis for HS and HAL was about 535 days. The male:female ratio was 1:1 for HS and 1.0:2.4 for HAL. Spleen weights of 900 mg or greater were recorded for 50% of cases diagnosed as HS and for 71% of cases diagnosed as HAL. HS involving only the uterine myometrium 54 was diagnosed for 4 NZB and 3 iMyc TG mice. All initial histologic diagnoses were made on the basis of gross observations and histologic sections stained with hematoxylin and eosin (HE) by a pathologist experienced with the consensus nomenclatures for mouse hematopoietic neoplasms 30, 41 and the initial identification and dissection of histiocyte-rich neoplasms in mice. 43 The same pathologist reviewed the diagnoses at the time the present study was undertaken and identified 6 cases originally diagnosed as HS as being splenic marginal zone lymphoma (MZL). All 6 had prominent clonal rearrangements of J H by Southern blot hybridization. Diagnoses of other cases were revised, as appropriate, with the addition of information gained from molecular studies of immune receptor gene organization and the results of IHC analyses.
Southern Blotting
High molecular weight DNA prepared from the tumors was digested with EcoRI for studies of IgH organization and ecotropic MuLV integrations and with HpaI for analyses of TCRb organization, separated electrophoretically, and transferred to nitrocellulose. The membranes were hybridized with 32 P-labeled probes for J H and TCRb 25,31 as previously described. 20, 24 Tissue Microarray Construction
Areas of tumor involvement seen on HE slides were marked by 2 pathologists to guide sample collection from the associated paraffin blocks for use in tissue microarrays (TMAs). Three types of tissues, including spleen, LN, and liver, were selected in each case, given that the tumors often involve more than one organ. The TMA was then manually constructed using an arrayer (Beecher Instruments Microarray Technology, Sun Prairie, Wisc) according to the TMA map. A 1-mm-diameter needle was used so that all samples could be arranged in a single block. The TMA was cut at 4 mm and mounted on Superfrost/Plus slides (Fisher Scientific, Pittsburgh, Pennia). One section was stained with HE, and the others were used for immunostaining. Histologic diagnoses based on evaluations of the TMA HE slide were validated against those made from the original HE slides.
Immunohistochemistry
An avidin-biotin-peroxidase method was employed for antigen detection 23 with particular emphasis placed on antibodies recognizing PAX5, F4/80, and Mac-2. PAX5 was examined for its lineage-specific identification of the spectrum of B cells ranging from bone marrow B cells up to, but not including, plasma cells; F4/80, for increasing expression during monocyte to red pulp macrophage differentiation; and Mac-2, for identification of red pulp and white pulp macrophages.
Briefly, slides were deparaffinized in xylene and rehydrated through a graded series of alcohol washes. Endogenous peroxidase activity was blocked by treatment with 3% H 2 O 2 in methanol for 30 minutes. Slides to be stained for F4/80 (EMR1) and Mac-2 (LGALS3) were then digested in 0.1% trypsin in 0.1% calcium chloride solution (pH 7.8) at 37 C for 10 to 30 minutes while slides to be stained for PAX5 were heated in a pressure cooker in 0.01M citrate buffer for antigen retrieval (pH 6.0). After that, sections were incubated for 20 to 30 minutes in 10% normal goat serum for F4/80 and Mac-2 and in 10% horse serum for PAX5 and then incubated for 1 hour with antibody to F4/80 (Clone CI:A3-1; Serotec Inc, Raleigh, North Carolina) diluted 1:50 in 10% normal goat serum, Mac-2 (M3/ 38; Cedarlane Labs, Burlington, Ontario, Canada) diluted 1:200 in 10% normal goat serum, and mouse anti-human PAX5 (Clone 24; BD Bioscience, San José, Calif) diluted 1:25 in 10% normal horse serum. The slides were rinsed in phosphate buffered saline and incubated in biotinylated goat anti-rat immunoglobulin G (IgG) for F4/80 and Mac-2 (1:50 in 10% normal goat serum) and in biotinylated horse antimouse IgG (1:200 in 10% normal horse serum) for PAX5 for 30 minutes and subsequently incubated in VectorStain Elite ABC reagent for 30 minutes; 3,3 0 -diaminobenzidine (Vector Laboratories Inc, Burlingame, Conn) was used for chromogen. Slides were counterstained for 2 to 3 minutes with hematoxylin (Fisher Scientific) and mounted with Permount (Fisher Scientific). Using rat IgG2b in place of F4/80 and Mac-2 antibodies at a similar dilution generated a negative control. The method used for scoring immunoreactivity has been described. 23 Positivity and intensity were combined for scoring F4/80 and Mac-2 expression, whereas only positivity was considered for PAX5 expression because PAX5 nuclear staining was uniform for B cell populations.
A similar procedure was used to stain TMA slides with antibodies for human smooth muscle actin, rat myogenin, human Von Willebrand factor, human lysozyme, and human desmin (purchased from Dako, Carpenteria, Calif).
Results
Characteristics of Mice With Histiocyte-Rich Neoplasms
In the present study, we selected 55 cases of histiocyte-rich neoplasms with material saved for molecular analyses: 41 diagnosed histologically as HS and 14 diagnosed as HAL. To simplify the process of understanding the data to be presented below, we can summarize the conclusions from these studies as follows: Only about 33% of cases initially diagnosed histologically as HS were confirmed as HS by molecular and IHC criteria. The remainders were divided almost equally among those previously defined as HAL-that is, a mixture of transformed B cells and invasive, seemingly nontransformed histiocytes 43 -and a hypothetical previously unrecognized diagnostic category, yet to be well defined, of composites composed of HS and lymphoma.
For the 55 histiocyte-rich cases, all cases but 8 were NFS.V þ (6, NFS.V -and 2, MuLV-infected NIH Swiss mice). The spleen was almost always involved, as it is for mouse hematopoietic neoplasms. Histiocytic proliferations were usually found to disseminate from spleen to various LN, including the cervical, axillary, parathymic, mediastinal, inguinal, splenic, and peritoneal, but a few appeared to originate in the LN. Liver was involved more frequently than kidney and lung.
Previous studies showed that many cases diagnosed histologically as HS among a large number of neoplasms of the AKXD RI and other strains harbored B and/or T cell lymphomas, as indicated by clonal rearrangements of Ig heavy and light chain or TCRb genes. 41 Rearrangements of Ig genes are characteristic features of normal B cells and B cell-lineage lymphomas, whereas almost all normal myeloid and T cells are negative. Some studies of normal cells and cell lines have shown that clonal J H rearrangements can be found in cells with features of macrophages 17 and that a small proportion of human histiocytic/dendritic cell sarcomas can transdifferentiate from a follicular lymphoma clone. 16 Thus, the lack of such rearrangements rules out the contribution of a clonal B cell population to a neoplasm, although their presence does not definitively exclude macrophages as possible contributors.
In the current study, we analyzed DNA from all 55 cases for the genomic organization of J H and all but 6 for the organization of TCRb genes by Southern blot hybridization ( Fig. 1 ; data not shown). Of these, 12 cases were found to have J H genes in germline configuration. One of the cases with germline organization for J H was rearranged for TCRb (data not shown). At necropsy, this mouse was diagnosed with a histiocyte-rich nonthymic lymphoblastic lymphoma that now was clearly of T cell origin, as determined by positive staining for CD3 (not shown).
DNA from 3 other cases had faint J H bands, possibly indicative of small populations of clonal B cells or, more likely, polyclonal B cell populations, with the faint bands representing multiple stochastic rearrangements of similar size. Further studies of DNA from 10 of these 14 cases with germline or faintly rearranged bands revealed germline configurations for IgH kappa light chain and TCRb chain genes, consistent with an absence of B or T cell clones. We concluded that only 14 of the 55 cases could be diagnosed as HS, based on having immune receptor genes essentially in their germline configuration. Importantly, all 14 cases had initially been diagnosed histologically as HS.
Of the 41 other cases, 40 had one or more clear nongermline J H bands that hybridized at low to high intensity of varying strength, consistent with the presence of 1 or 2 B cell clones. Of the cases with B cell clones, 4 exhibited 1 or 2 clonal rearrangements of TCRb, indicating the coexistence of T and B lymphomas (data not shown). Among the 40 cases with clonal J H rearrangements, 27 had initially been diagnosed histologically as HS and 13 as HAL. Among the 5 cases with TCRb rearrangements, 3 had been diagnosed as HS and 2 as HAL. Because the diagnosis of HS for human cases requires the absence of clonal rearrangements of immune receptor genes, 28 our results indicate that only a third of the mouse cases diagnosed histologically as HS fit the molecular criteria for their designation as true HS.
Studies of HE-stained slides from cases of HS, defined by the molecular criteria given above, revealed histiocytes of varying cytologies, ranging from large round cells with macrophage-like features to fusiform, spindle-shaped cells with a fibroblastoid or spindle-shaped appearance occurring in intertwining bands either as pure populations or in mixtures of varying proportions. In lung, liver, and kidney, they presented as single or multiple nodular masses, sometimes associated with histioblasts and mitotic figures. The Ki-67 index in all cases was less than 1%. In the spleen, they exhibited diffuse involvement of the red pulp and/or were localized to follicles, completely replacing the normal population of lymphocytes. LN frequently exhibited a profound intrasinusoidal histiocytosis in early cases but often contained solid masses replacing most or all the node in more advanced disease. Liver involvement was usually associated with perivascular infiltrates and often with Kupffer cell proliferation.
The round-cell type of HS is composed of sheets of large mononuclear cells with abundant eosinophilic cytoplasm that is often foamy or vacuolated (Fig. 2) . The vesicular nuclei are usually round or ovoid; the nuclear membranes are thick; and the nucleoli are prominent. Mitotic figures are uncommon but present in large cells that clearly resembled histioblasts. Erythrophagocytosis and multinucleate giant cells are common features. Remnants of normal cell populations are usually present, but destruction of normal splenic architecture is common.
The spindle-cell type of HS is characterized by solid sheets of elongated cells with much less cytoplasm than the round-cell type (Fig. 3) . The nuclei are elongated, sometimes tear-shaped, and convoluted. Few lymphocytes or other cell populations are interspersed among the tumor cells. Mitotic figures have not been observed in spindle cells.
In the mixed-cell type of HS comprising round and spindle cells, the 2 components are either discrete and directly juxtaposed (Fig. 4) or intermingled. In spleen and liver, one can sometimes see transitions from round or ovoid cells to spindle cells. In round cell, spindle cell, or mixed cases, neoplastic histiocytes are F4/80þ and Mac-2-immunoreactive (Figs. 5, 6 ), and small round PAX5þ normal B cells can be seen in greater or lesser density to infiltrate the histiocyte accumulations (Fig. 7) .
Histopathologic and immunohistochemical features of histiocytic sarcoma (HS):
Some earlier studies of mouse HS used cell type-specific markers to identify their origin from histiocytes 54 but lacked a basis for distinguishing between antigen-positive subsets with or without clonal J H rearrangements. Other stromal tumors, such as leiomyomas, leiomyosarcomas, fibrosarcomas, hemangiosarcomas, and rhabdomyosarcomas, would be expected to have their Ig genes in germline configuration. To determine whether the diagnosed HS might arise from cells other than histiocytes, we studied them by IHC on constructed TMA slides for expression of antigens useful in establishing the diagnosis of soft tissue tumors, including smooth muscle actin, myogenin, desmin, and Von Willebrand factor. 8 The
support the suggestion that they are histiocyte derived. Together these data indicate that HS can be defined by the absence of immune receptor gene rearrangements; histologic presentations as histiocytes of round, fusiform, or mixed-cell types; and the lack of markers characteristic of sarcomas of other cellular origins.
Characteristics of Histiocyte-Rich Neoplasms Other Than True HS
Our molecular studies showed that 27 histiocyte-rich cases initially diagnosed as HS had clonal B or T cell populations, as did 14 others initially diagnosed as HAL. A histologic reevaluation of these 41 cases suggested, unexpectedly, that they fell into 2 distinct groups; specifically, 26 resembled the HAL previously described. 43 These cases were dominated by large populations of histiocytes, not dissimilar to those seen in HS and most often of the round-cell type, but they also exhibited small and usually dispersed lymphoid accumulations with features of malignant B cells of different classes or malignant T cells. The B cell-lineage tumors included follicular B cell lymphomas (FBL), centroblastic (CBL) and immunoblastic (IBL) cases of DLBCL, splenic MZL, and one FBL with added splenic features of a Littoral cell angioma (data not shown). 3, 15 The second subset of histiocyte-rich neoplasms with clonal B cells appeared to be composites of HS and a B cell-lineage neoplasm (FBL, CBL, MZL, or plasmacytoma), a diagnostic category we had not recognized previously. The histiocytes disseminated to spleen, LN, and less often to liver, kidney, and lung were indistinguishable from those seen in HS. Nodular accumulation in splenic follicles often displaced lymphoma cells to the periphery, and normal LN architecture was destroyed. Perhaps most telling was the widespread distribution of large histiocytes and histioblasts, sometimes with mitotic figures. Lacking definitive phenotypic or genomic markers for true HS, we currently have no way of determining whether these cases represent the coexistence of lymphomas and HS or extremes of the spectrum of HAL (see below). Future studies using comparative genomic hybridization of DNA from microdissected HS cells should lend support to or disprove this hypothesis.
IHC Analyses of F4/80, Mac-2, Lysozyme, and PAX5 Expression in Normal Tissue, HS, and HAL To extend our characterizations of HS and HAL, we used IHC to study the expression of a series of proteins expressed by cells of the myeloid lineage (F4/80, Mac-2, and lysozyme) or the B cell lineage (PAX5). 12, 35, 38, 46, 51 In normal spleen, F4/80 was exclusively expressed by macrophages in the red pulp but not in the white pulp; Mac-2 was expressed by macrophages in both compartments; and PAX5 was expressed in follicular, marginal zone, and red pulp B cells (data not shown). We examined the cytologic staining patterns for these antigens in cases diagnosed as HS, HAL, and HS plus lymphoma (Figs. 2, 5-7; data not shown). A case of HS with an intermixed population of round and spindle histiocytes stained with antibody to F4/80 exhibited membranous staining of the HS cells (Fig. 5) . Mac-2 showed predominantly cytoplasmic but some nuclear staining in HS (Fig. 6) . Staining with anti-PAX5 showed HS to be uniformly negative in round and fusiform cells, although smalland medium-sized B cells interspersed among the histiocytes showed intense nuclear staining (Fig. 7) . Similar staining patterns were seen with the histiocytic component of the composite tumors (data not shown).
A case of HS in the liver, composed of populations of round and spindle cells (Fig. 4) , was particularly informative for understanding the reactivity shown by antibody to F4/80. As shown in Fig. 4 , an area of normal hepatocytes on the right was infiltrated by a population of large round histiocytes, seen best in the middle, that merged into a population of fusiform histiocytes on the left. Staining with antibody to F4/80 (Fig. 8) showed that reactivity was highest on the normal Kupffer cells in the normal hepatic portion. The population of roundto oval-shaped histiocytes stained less intensely, and the fusiform cells were the least reactive. This pattern of F4/80 reactivity on HS-intermediate to high on round cells and low to negative on fusiform cells-was characteristic of the staining seen throughout this survey of HS, HAL, and composite cases. Because expression of F4/80 increases during the normal maturation of monocytes to macrophages, 38,51 these results suggest that the round histiocytes in HS represent a more mature population than that of the fusiform cells. PAX5 was not expressed by the HS cells but was positive on scattered normal B cells (Fig. 9) As reported previously, 54 all round-cell histiocytes exhibited cytoplasmic localization of lysozyme with weak to strong immunoreactivity when compared with normal histiocytes (data not shown). In contrast to the patterns seen for F4/80 and Mac-2, expression of lysozyme in HS present in the liver was stronger than in normal Kupffer cells (data not shown). Figure 10 . B-cell lymphoma and eosinophilic histiocytes. Figure 11 . Antibodies to F4/80. Figure 12 . Mac-2. Figure 13 . PAX5. Note the more extensive staining of the histiocyte population by Mac-2 than F4/80 as they weave among the clusters of PAX5þ cells.
The results of IHC analyses of HAL using antibodies to F4/80, Mac-2, lysozyme, and PAX5 were not remarkably different from those seen with HS. The round-cell histiocytes (Fig. 10) stained at varying levels with antibodies to F4/80 and more intensely with anti-Mac-2 (Figs. 11, 12, respectively) . In addition, PAX5 was expressed only in B cells, either normal or neoplastic, but not in histiocytic elements (Fig. 13) . Lysozyme was expressed in histiocytes/macrophages as well as monocytes in HAL (data not shown).
Normal and variant histiocytic sarcoma and histiocyteassociated lymphoma:
We also recognized anomalous presentations of 2 small subsets of histiocyte-rich neoplasms. The first type, exemplified by Fig. 9 , featured a red pulp filled with sheets of fusiform histiocytes surrounding a normal B cell follicle with the intense PAX5 nuclear staining characteristic of normal B cells. Interestingly, some of the elongated or sharply angulated apparently histiocytic nuclei also exhibited high-level expression of PAX5. The intensity of the staining suggests that these cells might be normal centrocyte-like B cells within the matrix of histiocytes. Alternatively, they could represent instances of lineage infidelity with macrophages expressing B cell-lineage determinants. Studies of single cells obtained by laser capture microdissection would be required to determine whether this finding reflected B myeloid-lineage plasticity of clonally related neoplasms, as reported for normal cells 7 or composites of HS and follicular lymphoma. 16 The second subset of atypical histiocyte-rich cases that are associated with clonal B cell lymphomas is illustrated in Figs. 14-19, with transformation of the associated histiocytes into HS. An area of the HAL shows an expanding population of neoplastic histiocytes (lower portion of Figs. 14, 16) that are Mac-2 þ (Fig. 17) . PAX5þ neoplastic B cells and nonreactive histiocytes are present (Fig. 15) . Mac-2 staining of mitotic figures was also seen (Figs. 18, 19 ). These observations suggest that the cases may represent true composites of HS and lymphoma. Molecular criteria identifying transformed histiocytes will be required to substantiate this hypothesis.
Histopathologic and immunohistochemical features of a histiocyte-associated lymphoma with foci of histiocytic sarcoma. Serial sections stained with the following:
In summary, of the 41 cases initially diagnosed as HS, the final diagnoses included 14 HS, 15 HAL, and 12 HS plus lymphoma. Thus, 27 of 41 cases (65.8%) diagnosed as HS were associated with unapparent lymphomas. Over half the unsuspected lymphomas included MZL, alone or as a composite with FBL. The MZL may have been partially masked because of its characteristic spread into histiocyte-rich red pulp areas of HS or HAL. Almost all the rest were lymphomas of germinal center origin: FBL, CBL, and IBL. Of the 14 cases initially diagnosed as HAL, the final diagnoses included 11 HAL and 3 HS plus lymphoma. The lymphomas associated with the HAL were almost all of germinal center origin-FBL, CBL, and IBL-in addition to one composite of MZL plus anaplastic plasmacytoma.
Discussion
The combined histologic, molecular, and IHC studies of histiocyte-rich neoplasms described here provide important new insights into the origins and characteristics of spontaneous mouse HS and HAL while introducing a novel subset of these tumors: composites of HS and lymphoma. They also highlight the need for a phenotypic or molecular signature that defines transformed histiocytes. HS of humans is also of uncertain molecular pathogenesis.
In the absence of markers for transformed histiocytes, we suggest that HS is defined by germline configurations of immune receptor loci, the presence of myeloid markers, and the lack of expression of genes associated with other sarcoma types. The presence of abnormally large histioblasts is correlative but of uncertain significance. It is possible that IHC analyses for associated T and/or B cell lymphomas easily missed on examination of slides stained with HE could substitute for Southern blot hybridization analyses of immune receptor genes in diagnosing this malignancy.
By light microscopy, HS was shown to include cases with a predominance of round or spindle cells or mixed populations of the 2. Our phenotypic analyses provided strong evidence that the round cells represent a more mature population of histiocytes than that of the spindle cells, given the higher and lower levels of F4/80 expression, respectively. This perspective is based on the prior demonstration that expression of F4/80 increases with progressive maturation in the monocyte/macrophage lineage. 35 Rare but highly informative cases from our series exhibited transitions from round to spindle cells in the same field in association with progressive reductions in expression of F4/80, a clear indication that the 2 histologic types were developmentally related in the same case. Analyses of other markers, including Mac-2 and lysozyme, confirmed a shared myeloid origin for the cytologically distinct populations of HS. Histopathology and immunophenotypic studies of a few cases in our series suggest that HS can originate from Kupffer cells in the liver as well as from macrophages in spleen or LN or from the uterus.
In addition to the categories of HS and HAL, we have tentatively identified a subset of histiocyte-rich tumors that are composites of HS and a lymphoid neoplasm. Support for this suggestion and distinction of the subset from HAL will require the identification and validation of molecular and/or IHC markers for transformed histiocytes. We also described another anomalous presentation, which included cases with histiocytes that appeared to express PAX5, suggesting lineage infidelity. This observation bears some similarities to rare human cases of clonally related follicular lymphomas and histiocytic/dendritic cell sarcomas. 16 In these patients, both cell types had identical IgH gene rearrangements, and they shared a t(14;18) translocation involving IgH and BCL2. Similar clonal relationships have been observed between T cell lymphoblastic leukemia/lymphoma and Langerhans cell histiocytosis and between acute lymphoblastic leukemia and HS. 17 Studies of cultured cell lines have long suggested a poorly understood plasticity between the B cell Figure 14) , and antibodies to PAX5 (Figure 15) . A focus of histiocytic sarcoma in the histiocyte-associated lymphoma, (Figure 16 ) stained for Mac-2 showing moderate histiocytic expression ( Figure 17) . Mitotic figures were seen in the focal case of histiocytic sarcoma ( Figure 18 ) with a neoplastic mitotic histiocyte expressing Mac-2 ( Figure 19) . and myeloid lineages, 4, 11, 29, 32 and this concept has gained increasing support from a variety of in vivo studies.*
The features of murine HS described in this report have many similarities to those of true HS in humans. HS in humans is a rare neoplasm that is sometimes associated with lymphomas and is difficult to distinguish from DLBCL or anaplastic large cell lymphoma without IHC studies. The cells are usually large, with abundant eosinophilic cytoplasm and large round nuclei with vesiculated chromatin. Spindle cells can be observed but are usually focal, a contrast with the diffuse expansions of spindle-shaped cells seen in some of our cases. In humans, the tumors are accompanied by variable numbers of eosinophils, lymphocytes, and plasma cells. The histiocytic cells variably express lysozyme and a number of other histiocytic markers, such as CD68, S-100, and CD11c. Absence of Ig and TCR gene rearrangements is required for definition of this disease by some, 9 although they can clearly be found in an extremely low proportion of cases. 16 Mouse and human cases are clearly distinguished by levels of mitotic activity, with frequencies of Ki67-expressing cells in the 80% range being common in human cases and with 1% representing the extreme end for cases in mice. The etiology of HS in humans is not known, although recent studies indicated that genetic or epigenetic inactivation of PTEN, p16 INK4A , and p14 ARF may play a role in some cases of both species. 5 HAL in the mouse has a number of features in common with T cell-rich / histiocyte-rich lymphomas in humans as well as a number of distinct differences, 1, 36 although human and mouse cases can be readily distinguished on histologic grounds from other cases of stroma-rich B cell lymphomas. Most human cases are marked by large numbers of polyclonal T cells and lesser populations of histiocytes and clonal B cells, whereas the B cell component is more readily appreciated in mouse HA. In humans, there is a subset of cases with histiocytic predominance that more closely resembles the histologic features in mice. 1, 18 Although human T cell-rich / histiocyte-rich B cell lymphomas are recognized as a subset of DLBCL, 27 splenic cases associated with MZL have been described. 13 In the mouse, MZL is the most common lymphoma type associated with cases of HAL and compound cases of HS; lymphomas of germinal center origin (FBL, CBL, and IBL) are a close second.
The HS described here bears a number of similarities to HS identified in several strains of genetically engineered mice, including those deficient in the cytochrome C p450 gene, as well as Cyp1b1 53 or Cdkn2a knockout mice infected with MuLV, 37 with incidences in the range of 55 to 65%. The tumors were F4/80þ and were found in the spleen, liver, and sometimes the bone marrow. A screening for common proviral integration sites in tumors of the Cdkn2a-deficient mice identified several genes associated with HS, including Ptpn6, Myst3, Dgke, and Kif13a. 37 In addition, HS developed in most mice infected with an acutely transforming Ha-Ras-containing retrovirus. 19 Whether any of these genes are involved in the pathogenesis of HS occurring in NFS.Vþ mice will be the subject of future studies.
In summary, the present study demonstrated 3 morphologically distinct types of HS, with round, spindle, and mixed populations of histiocytes. All 3 are related on the basis of gene expression and differentiation patterns, with mature round cells expressing higher levels of F4/80 than those of spindle cells. The combination of histology with assessment of Ig clonality by Southern blotting and staining for F4/80, Mac-2, and PAX5 provides great value for distinguishing HS from HAL and other histiocyte-associated neoplasms while suggesting composites of HS with lymphoma as a new diagnostic category. The presence in some tumors of PAX5-expressing histiocytes may also provide opportunities for understanding B myeloid-lineage plasticity in neoplasia.
